The aim of this pilot study was to investigate anaesthetists' assessment of the ability of patients to increase cardiac output over a range of clinical scenarios and of their perceived 'likelihood of transfusion' in these scenarios. Specialist anaesthetists were given a questionnaire with clinical cues in the form of diagnoses about theoretical patients. They were asked to use 100 mm visual analogue scales (VAS) for their assessments of each patient's cardiac reserve and their 'likelihood of transfusion' of these patients; the endpoints of the VAS being 'Very low' (0 mm) to 'High' (100 mm), and 'Do not transfuse' (0 mm) to 'Transfuse' (100 mm) respectively.
Clinical judgement is constantly being used to make decisions in all branches of medicine and, although ubiquitous, has been studied infrequently in anaesthesia.
To analyse clinical judgement, quantification of vague clinical information is necessary as information available to clinicians is often imprecise in character: e.g. 'angina on moderate exercise', 'mild aortic stenosis' and such like. The physician's subjective perception of patients' abilities to increase cardiac output or cope with decreased oxygen delivery is a matter of experience, clinical judgement, or even guesswork. In the past all trainees have had to accumulate experience by watching or listening to others, or personally responding to events during anaesthesia. The learning curve is often long and variable as clinical casemix and workload are not uniform.
The psychologist Egon Brunswik (1903-1955) 1 examined the functional relationships between people and the environment using a probabilistic approach; in 1996 Hammond 2 applied Brunswik's concepts to the problem of analysing human judgement. A model can be created for the capture of decision-making policies even if there is no right or wrong answer to the problem.
The cues (vague clinical details) used to solve the problem can be categorized and quantified and simple descriptive statistics can be used to describe them. If samples of these cues are then given to 'experts' the weights given to the cues by the experts' decision-making can be determined. The weighting can be linear or non-linear. The consistency of the experts' decision-making can also be calculated.
There is often a theory/practice gap during training 3 , both problem-based learning and simulators have been used in an attempt to overcome this problem 4, 5 . Paper exercises are a form of problem-based learning and are very low-grade simulators.
Many subjective modalities such as pain and nausea have been investigated using visual analogue scales 6, 7 and, with certain caveats regarding their analysis, have been found to be very useful 8 9 .
The aim of this pilot study, a paper exercise in two large Departments of Anaesthesia, was to investigate anaesthetists' assessment of various clinical conditions affecting oxygen delivery, in order to 'quantify' some vague clinical concepts as a preliminary to determining the strategies that clinicians use in the management of patients. It was envisaged that data generated could be used to enhance both problem-based learning scenarios and pathophysiological models used in simulators.
METHODS
Specialist anaesthetists in the Departments of Anaesthesia at Auckland City (AK) and Middlemore (MM) Hospitals were presented with a series of 100 mm visual analogue scales (VAS). The scales were annotated with a statement like "A patient has moderate aortic stenosis; please indicate your view of the patient's ability to increase their cardiac output." The ends of the scale were annotated with 'Very low' (0 mm) and 'High' (100 mm).
The list of disorders or physiological states can be seen in Figure 1 (a list of the actual questions can be obtained from the author). It was anticipated that anaesthetists would not be prepared to indicate a single point on a 100 mm line and so they were asked to indicate a range, and the midpoints between these two values were used for analysis. At the beginning of the questionnaire there was an explanation and an example of how the VAS should be completed.
A month later they were given another series of VASs that were designed to assess the clinicians' views on the 'likelihood of transfusion' in different clinical scenarios. The month interval between the two questionnaires was an attempt to minimize the inconvenience and therefore reluctance on the part of the specialists to take part. The extremes of the scale were labelled 'Do not transfuse' (0 mm) and 'Transfuse' (100 mm). Each VAS had a statement attached such as "A patient has angina at rest; what is the likelihood of transfusion if the haemoglobin was a) 80 g.l -1 , b) 95 g.l -1 ?" Figure 2 lists the disorders (actual questions can be obtained from the author).
RESULTS
Questionnaires were given to 64 senior staff members, 32 in each hospital. The number of forms returned for cardiac reserve assessment were 29 (AK) and 25 (MM), and for assessment of the likelihood of transfusion, 26 and 18 respectively. Figure 1 displays data from both departments that reflect the specialists' opinions on how specific states affect patients' abilities to increase cardiac output. It can be seen that, for example, a patient with a pacemaker is considered to have a greater ability to increase cardiac output than a patient with complete heart block. Figures 2 and 3 display the 'likelihood of transfusion' data. It can be seen that a lower Hb approximately doubles the assessment of the likelihood of transfusion. Only the ASA 1 20-year-old still has a low likelihood of transfusion at a haemoglobin of 80 g.l -1 , but the likelihood of transfusion has increased fourfold.
DISCUSSION
When creating expert systems 10,11 we need to quantify or describe the factors that are pertinent to the decision-making. These factors have to be 'extracted' from experts so that they can be computed. We all have mental models that enable us to understand our environment and to make decisions. "Mental models shape how we understand our experiences, and our experiences in turn shape our mental models" 12 . We use these models to make decisions, although if asked to explicitly state their structure we would probably have difficulty. The purpose of this study was to investigate anaesthetists' perceptions of patients' abilities to increase their cardiac output, as well as how co-morbidities would modify their decisions regarding transfusion. Quantifying these perceptions may enable future computer modelling of the decision-making process using these otherwise vague clinical scenarios.
The use of VASs may be considered controversial, but they have been used to quantify many other subjective, qualitative variables such as shortness of breath 13 , prioritization of patients waiting for surgery 14 and, in anaesthesia practice, the severity of pain 6 . Some authors believe they have advantages over other techniques, including both feasibility and reliability 15 , and that they have more sensitivity than descriptive or 'category' questionnaires 16 . Feasibility was considered a major consideration when asking over 60 specialist anaesthetists to fill in a questionnaire; it had to be a simple process that would not take excessive time. The month interval between the two questionnaires attempted to minimize a drop-off in the return rate. However, even with this gap there was a reduction of 10% for AK and almost 30% for MM.
A patient's ability to increase cardiac output, and their risk of tissue hypoxia at a certain haemoglobin concentration are very difficult to determine, and yet decisions are made on such assessments on a daily basis.
Some respondents criticized some of the clinical scenarios (e.g., "recent myocardial infarction") when completing the forms, however much real clinical information has this vague nature. The statements were purposely constructed in a simplistic way to avoid the influence of details that might make results less applicable in a general sense. The goal was to generate 'ball-park' figures for the value that could be attached to a particular part of a mental model -more specific values for more specific conditions (different types of myocardial infarction) could be a subject of further study to create a model of greater definition.
The likelihood of transfusion assessment is not straightforward. Included in the list of scenarios were a patient with a colonic cancer and a patient having a kidney transplant. Historically both of these conditions have been the subject of debate with regard to transfusion affecting the immunological status of the patients and thus affecting recurrence rates or rejection 17, 18 . These are potentially confounding factors, but still form part of the mental model. As can be seen from the results these two scenarios are low on the scale of likelihood of transfusion. Hb 95 g.l -1 Hb 80 g.l -1 A trainee's mental model of patients' abilities to increase cardiac output, or 'likelihood of transfusion', could be assessed by comparing their VAS scores with the consensus scores from a group of specialists. In this way, the scores as presented in the figures, if validated, could be used as teaching aids. By quantifying responses to clinical scenarios it should be possible to use computers to model clinical decision making for these scenarios, as has been described by Cooksey 19 .
There is a great deal of scatter of opinion in the results, but this does not make the data unusable. Uncertainty and vagueness can be tamed by mathematical techniques using fuzzy logic. The determination of the magnitude of the variation in clinicians' preoperative assessment of cardiac output reserve and likelihood of transfusion in this pilot study could form the basis for a more formal framework for the analysis of decision making and could influence teaching strategies.
